Summary. Auditory thresholds for sinusoidal tones were determined in eight patients with adrenal cortical insufficiency (four with Addison's disease and four with panhypopituitarism) and compared to those in normal volunteers. In adrenal cortical insufficiency (ACI) the auditory detection sensitivity is significantly more acute than that of normal subjects over most of the frequency range, but especially in the region of greatest hearing sensitivity of normal subjects, 1,000 to 2,000 cycles per second (cps).
Introduction
It has been shown previously that patients with untreated adrenal cortical insufficiency exhibit markedly increased detection sensitivity for all four modalities of taste and for the smells of various vapors (1, 2) . Treatment of the patients with ACI with deoxycorticosterqne acetate (DOCA) for 2 to 9 days produced no alteration in taste or smell thresholds, but treatment with carbohydrate-active steroids for 18 to 36 hours returned taste and smell thresholds to normal (1, 2) . These studies indicated further thatchanges in extracellular sodium or potassium concentration or in extracellular fluid volume could not account for these effects (1, 2) .
The present study was designed to evaluate the detection thresholds of patients with ACI with respect to another sensory modality, audition, and to explore the effects of treatment with adrenal cortical hormones and adrenocorticotropin on auditory thresholds.
Methods
The subjects of this study were 15 
f v AUDITORY THRESHOLDS IN ADRENAL INSUFFICIENCY
The eight patients with ACI were found to have a bimodal age distribution: four had a mean age of 19.9 years, whereas the other four had a mean age of 48.0 years. To compare data from the patients with those from the normal subjects, it was necessary to select two groups of normal subjects with ages comparable to those of the patients. Thus, 15 younger normal volunteers, ranging in age from 18 to 26 years, and 10 older ones, ranging in age from 39 to 61 years, were chosen. In order to make meaningful comparisons between the patients and the normal volunteers without introducing the effect of age upon hearing thresholds as an uncontrolled variable, we have treated threshold data for the younger and older subjects separately in this paper.
Results
Auditory thresholds in normal subjects. The mean detection thresholds for each frequency tested in the 15 younger and the 10 older normal volunteers are presented in Table I . The means demonstrate that the greatest sensitivity of normal hearing is between 1,000 and 2,000 cps in both groups. For the younger subjects, the smallest variation occurs at those frequencies where sensitivity tends to be the greatest. For the older subjects, variance is increased at frequencies of 2,000 cps and above. This greater variation at higher frequencies in the older subjects is presumably a manifestation of the aging effects on the auditory thresholds. The means determined for the younger subjects are similar to those determined by other investigators, falling between the threshold curves reported by VonBekesy (7) and Steinberg, Montgomery, and Gardner (8) and those reported by Sivian and White (6) (Figure 1 ). The mean frequency range of responses for these subjects was 50.5 to 15,500 cps. The means for the older subjects are similar to those for the younger subjects for frequencies of 70 cps or below, but significantly higher for all frequencies of 100 cps or above. The pattern of responses is similar to that described by other investigators (9) (10) (11) . The mean range of frequency responses for these older subjects was 37.5 to 11,625 cps. Thus, not only is there a marked decrease in frequency response in the older, as compared to the younger, subjects at the high end of the frequency spectrum, but there is also a slight increase in the frequency response at the lower end of the spectrum.
Auditory thresholds in patients weith ACI receiving no steroid. The detection threshold for each frequency in each patient with untreated adrenal cortical insufficiency is presented in Table   II . The younger patients consist of two with Addison's disease and two with panhypopituitarism (R.E., P.K., E.N., and L.D.). The older patients also consist of two with Addison's disease and two with panhypopituitarism (R.P., V.M., H.L., and E.B.). The detection thresholds for the patients are significantly lower than those for the normal subjects of comparable ages at all frequencies tested between 50 and 10,000 cps. The greatest increase in sensitivity was found at about 1,000 to 2,000 cps, the frequency range in which maximal hearing sensitivity is found in normal subjects. At these frequencies, the patients could detect tones that were 11 to 24 db below those detected by comparable normal subjects. In no instance did the range of thresholds observed for the frequencies between 100 and 5,000 cps overlap the range for comparable normal subjects. Thresholds significantly lower than normal were found at both 12,000 and 15,000 cps for the younger patients. However, at the higher frequencies, differences between the older patients and the older subjects became smaller. Mean detection thresholds for the older patients are significantly lower than those of the younger normal subjects at 500, 1,000, and 2,000 cps. This emphasizes the extreme sensitivity of the auditory system in patients with untreated ACI; the older patients are, on the average, 28 years older than the younger normal subjects.
The general pattern of hearing responses is the same in both patients and normal subjects ( Figure  1 ), but the frequency range for both patient groups is markedly expanded, as compared to that of comparable normal subjects, particularly at the high end of the frequency spectrum. (Table II) , despite decreases of serum potassium concentration and gains in body weight.
Auditory thresholds in patients uith ACI treated with prednisolone. The detection threshold for each frequency in each patient with ACI treated only with prednisolone, 20 mg per day, for 2 to 4 days, is presented in Table IV . In all patients, the mean detection thresholds returned to normal levels in the lower and middle frequency ranges after treatment for 2 to 4 days.1 The average outer limits of the frequency range for the younger patients decreased to 47 to 16,750 cps, which are essentially the same as the limits observed in the younger normal subjects. A similar decrease was observed in the older patients. This return of threshold to normal occurred also after treatment with maintenance doses of carbohydrate-active steroid alone or with maintenance doses of sodium-potassium-active steroid. Similarly, in those patients with panhypopituitarism and in the patient with ACI with some remaining adrenal cortical function, treatment with ACTH over 4 days returned hearing thresholds to normal in the same manner as that observed after treatment with carbohydrate-active steroids (Table IV). Discussion Determination of detection thresholds for a sinusoidal tone over the entire frequency range of hearing has shown that thresholds for all frequencies tested were lowered in untreated patients with adrenal cortical insufficiency as compared to normal subjects. This increase in sensitivity extends over the entire frequency range but is greatest between 1,000 and 2,000 cps, the region of greatest hearing sensitivity in normal subjects. The frequency response pattern of these patients is essentially the same as that of normal subjects (Figure 1) .
Treatment of these patients with DOCA alone for as long as 9 days did not alter the abnormal hearing thresholds in any discernible manner. This observation is similar to those made previously, in which the increased sensitivity for taste 1 In some patients, treatment with carbohydrate-active steroids for periods longer than 4 days was required before detection thresholds returned to normal in the higher frequency range (above 10,000 cps). and olfaction observed in these patients did not change after treatment with DOCA (1, 2). Treatment of the patients with ACI with carbohydrate-active steroid returned hearing thresholds to normal, as previously shown for the senses of taste and smell. Although taste detection returned to normal 18 to 36 hours after treatment with large doses of prednisolone and smell detection returned to normal after 6 to 16 hours of treatment, auditory detection required at least 24 hours of treatment with 20 mg of prednisolone before it returned to normal, and then the return was mainly in the low and middle frequency ranges. After treatment with carbohydrate-active steroids was discontinued, hearing sensitivity was markedly increased after 2 to 5 days, a phenomenon similar to that observed previously for both taste and smell (1, 2) .
As with taste and smell, the ability to return auditory thresholds to normal is not limited to a single carbohydrate-active steroid, for thresholds have returned to normal after treatment with a variety of carbohydrate-active steroids. Furthermore, excessive amounts of steroid need not be administered to return auditory sensitivity to normal. At the time of admission the patients with ACI were on maintenance doses of carbohydrateactive steroids with or without sodium-potassiumactive steroids. At that time, auditory thresholds were similar to those measured after treatment with prednisolone, 20 mg per day, for as long as 7 days.
Thresholds observed for the normal subjects in the present study are within the limits observed by many investigators, some of whom used techniques different from that used here (5) (6) (7) (8) . The average frequency range observed was from 50.5 to 15,500 cps. However, other investigators using other types of equipment have shown that normal subjects can respond to an average frequency range of 20 to 20,000 cps (12, 13) . This difference in observed frequency response can be explained by the limitations of energy output of the earphones used in the present study. With these earphones, the frequency response of the patients with untreated ACI was significantly expanded over that of the normal subjects. This indicates that less sound energy was required by the patients with ACI to hear a given frequency than by the normal subjects; the earphone limitation imposed upon the normal subjects was not imposed upon the patients until higher or lower frequencies were reached.
Investigators have also noted that thresholds for higher frequencies decrease markedly as subjects become older (9) (10) (11) . In the present study, there are significant differences between the auditory thresholds of the younger and older subjects ( Table I ). The upper limit of frequency response is markedly lower in the older subjects compared to the younger ones. However, auditory thresholds in the older patients, off treatment, for tones 500 to 2,000 cps were significantly lower than even those of the younger normal subjects. The frequency response ranges for the older patients off treatment or on DOCA extended above those found after treatment with prednisolone or those of the older normal subjects by as much as 1,500 cps. This phenomenon was also observed in the younger patients. Thus, in spite of those changes that occur in the auditory sysem with age, e.g., presbycusis, the system in the older subjects is still responsive to the removal of carbohydrateactive steroid in the same qualitative, if not quantitative, manner as that of the younger patients.
Since hearing thresholds in the patients studied are significantly lower than normal, it might be reasonable to assume that they would be more aware of sounds around them than normal subjects. However, this is not the case, for none of them reported any excessive awareness of noise or gross discomfort with normal speech in the usual social setting. When the experimenter's voice was transmitted through the earphones at intensity levels only slightly above threshold to each patient in the sound chamber, the patients complained that the voice was rasping and uncomfortable. Speech patterns in all patients were grossly normal.
The mechanism by which this increase in sensitivity to sound occurs or its locus of action in the nervous system is not known. However, it is clear that this is not a phenomenon confined to the auditory system, since similar increases in sensitivity occur for the senses of taste and smell.
Similarly, all three sensory modalities respond in the same general fashion to replacement with carbohydrate-active steroids. There may be a generalized increase in sensitivity to all sensory stimuli in untreated patients with ACT. Thus,
